In order to determine the nutrition load in the Sea of Marmara, sampling was realised on appointed 25 stations, at standard vertical sections from surface to deepest point of the station, bi-annually between 2010 and 2013. NO2-N, NO3-N, NH4-N, and PO4-P were analysed from unfiltered water samples; in addition, some physicochemical parameters that play important roles, such as salinity, temperature, dissolved oxygen, and pH, were measured for each station. This study reports on nutrients load in the Sea of Marmara for a preliminary assessment of the status of these nutrients and a brief discussion about the unique oceanographic status of the Sea of Marmara.
INTRODUCTION
The Sea of Marmara and Turkish Straits extend from the Aegean Sea to the Black Sea trough the Dardanelles (60 km), Sea of Marmara (210 km), and Bosphorus (31 km). The total length of the system is approximately 300 km, with a maximum depth of 1273 m (1).
Because of huge density differences between the waters of the Mediterranean and the Black Sea, occurs a two-layer current system along the Sea of Marmara and Turkish Straits (TS) flowing in opposite direction.
The watermasses of the Black Sea are entirely different from those of the Mediterranean Sea originated watermasses. In the Black Sea precipitation and runoff exceeds evaporation, for which reason a surface layer of relatively low salinity and correspondingly low density is present.
Owing to the distribution of density, the surface waters of Black Sea flow through the Bosphorus and the Dardanelles into the Aegean Sea basin and Mediterranean Sea originated water flows in along the bottom. The outflow from the Black Sea basin is a function of its water budget and carries runoff from the large rivers and surface waters during into the Black Sea
(2).
Intensive mixing takes place mainly along the Bosphorus as well as in the other parts of the straits and Sea of Marmara. The salinity of the inflowing Mediterranean Sea originated watermass which is over 38.50 ‰ at the entrance of the Dardanelles strait decreases slowly with the distance travelled in the Sea of Marmara down to 29 ‰, where the bottom current enters the Black Sea at the Northern end of the Bosphorus. At the same time, the salinity of the outflowing water is increased from 16 ‰ in origin in the Black Sea to 30 ‰ leaving the
Dardanelles (3).
The in-and outflowing water masses are separated by a well-defined transition layer, which oscillates in accordance to the contours of the bottom. This layer of transition also represents the discontinuity layer for temperature and salinity and called thermo-halocline (4, 5).
The exponentially growing pollution since 1980 is the main problem in the Sea of Marmara. All the settled areas around and also in the hinterland of the Sea of Marmara are discharging the wastes using "deep sea discharges" without any treatment directly under the pycnoclinethermocline layer in the Sea of Marmara (3).
In 1980's the Istanbul municipality started a project in contemplation of using the Mediterranean Sea originated upper current as a conveyor for transport and discard the waste water to the Black Sea without any treatment, and applied it despite the countering measurements (2).
Now it is known that the Mediterranean originated undercurrent only reaches 30% to the Black
Sea with the most optimistic estimate due to the changes of the salinity stratification of the surface water and the seasonal volumetric fluctuations of the surface currents, the undercurrent does not reach continuously to the Black Sea basin (3).
The role of nutrients in limiting and/or boosting primary production in the sea is widely acknowledged.
Dissolved Nitrite Nitrogen (NO2-N), Nitrate Nitrogen (NO3-N), Ammonium Nitrogen (NH4-N), and Phosphate Phosphorus (PO4-P) are large and important fractions of marine nutrient pools, especially in euphotic zones. Compounds of nitrogen, and especially those of phosphorus, are major cellular components of organisms (6).
There are no adequate studies of nutrients across the Sea of Marmara. Some of the studies are, with the topics of; "Organic carbon distribution in the surface sediments of the Sea of Marmara and its control by the inflows from adjacent water masses" (7). "Elemental composition of seston and nutrient dynamics in the Sea of Marmara" (8); "Nutrient exchange fluxes between the Aegean and Black Seas through the Marmara Sea" (9), respectively.
During the last four decades, drastic changes have occurred in the Sea of Marmara ecosystem because of anthropogenic pressures. Therefore, this study was designed to monitoring of the seasonal variations in nutrients of this area between years 2010 and 2013 (and ongoing).
MATERIALS AND METHODS
The present study is based on data gathered during survey cruises in the Sea of Marmara Data gathering conducted on winter and summer seasons due to direct effect of temperature and precipitation on the solubility and concentration of nutrients in sea water and also availability of MAREM project stuff.
The network of stations is shown in Figure 1 and locations in Table 1 . All 24 stations were observed with the standard depths from 0.5 to 1000 m or less for the bottom. All the data are stored in MAREM database and processed with the HIDRO-QL software. (10) Remarks: The measurements in highly polluted areas, such as Golden Horn and the tip of the İzmit Bay, are present in hydrographical tables but that values and corresponding stations are left out of accounts by mean maximum and minimum values to characterize the water masses. The striking feature is that the transition layer is not found at the same depth in the different sections of the Sea of Marmara. If we have to divide the water mass of the Sea of Marmara into four parts from east to west, the transition layer is between 10 and 25 m in the first eastern part; and in the next, it is at 25-50 m; in the third quadrant, it is again found at 10-25 m, and finally, in the outermost section the transition layer reaches the surface in the southern part. The middle transition layer lies about 25-50 m and in the northern part between 10 and 25 m.
RESULTS

Temperature
Dissolved Oxygen
As usual, the upper layer is well oxygenated relative to the deeper layers. Usually, the alkaline ratios increase direct proportionally depending depth level in the Sea of Marmara. The relative acidity levels are found in the bays mainly with anthropogenic activity in the Sea of Marmara.
Nutrients
The seasonal variability of all the nitrogen compounds was somewhat chargeable, by the presence of many concentration peaks the highest concentrations of nitrate (910.00 µgL (Table. 10 ).
These concentrations are abnormal even for nearshore surface waters and can be related only to shore outflow.
The type of nitrite variation values (NO2) was more or less similar to a period in Sea of Marmara. The maximum concentrations of nitrites in Sea of Marmara prove the active mineralization of organic matter. (Table. 12). (Table. 12). (Table. 12) PO4-P concentration: The PO4-P ratio shows an extraordinary dispersion in the Sea of Marmara with all sub-regions including bays and straits and water masses. The PO4-P mean ratio is remained with minimum 98.11 µgL Water quality and biodiversity along Sea of Marmara coastline is under heavy pressure from extensive domestic and industrial wastewater inflow, and from intensifying the development of uniquely and fragile areas for maritime transport based landing facilities and power plants.
On the other hand, especially in narrow and shallow thresholds such as Turkish straits with several points with strong divergence and convergence mixture points, that raids the density differences and enables mixture (3).
It should be noted that almost all sea currents flow in circular direction because of the Coriolis force effect. However, the outflow from the Black Sea basin is a function of its water budget and carry runoff from the large rivers and surface waters run into the Black Sea and forces the flux to the north-west direction, and on the contrary, the below flux is a function of density of Mediterranean-originated heavy saline water that flows to the opposite direction. They are both directional fluxes.
The DO content of the deeper waters (under the pycnocline layer) of the Sea of Marmara is dramatically low. This is most probably due to the increased pollution caused by the discharge of the sewages under the pycnocline layer without any treatment and by the great difference in density between the surface layer and the deeper waters, which impedes convection. Changes in the concentration of PO4 in the different layers of the Sea of Marmara are striking.
As will be clearly seen the average concentration of PO4 has about four times increased in between 2012 winter and 2013 winter period ( Table 8 .
Therefore, nutrient surveys in the waters of the Sea of Marmara should take the anthropogenic nutrient load into consideration to explain the anomalies in nutrient distribution. As it has been suggested by several authors for similar conditions, the dissolved oxygen content of the water column may be used for calculation of the primary production. For the primary productivity, vertical mixing of the water layers of the Sea of Marmara is more important than the strength of the of the Black Sea current to the straits limiting the distribution of nutrients and as well as the distribution of the dissolved oxygen content.
Same trends may be observed in the nitrogen concentrations in the area. The periodical increases of the NO3 may be an explanation for the progressively and dense red-tide in the Sea of Marmara.
Except red-tide concentrations of Noctiluca scintillans (Macartney) Kofoid & Swezy, 1921 at the surface, the highest accumulations of planktonic organisms are found at the pycnocline (on whole isopycnal zone), which may be observed on echograms (5).
The unaffected mass of water, which occupies all depths below 200 m in the Sea of Marmara, has a constant average temperature of 14.2˚C, without any seasonal variations (3-5, 12).
CONCLUSIONS
Excess nutrient inputs lead to eutrophication and degradation of the aquatic system.
Depending on the distribution of the nutrient salt concentrations, clear signs of eutrophication can be seen in the Sea of Marmara proper.
In general -although with some exceptions due to biochemical processes-nutrients have a conservative relationship with salinity, so their concentrations are lower when salinity levels are higher.
Regarding to the complex, two-layer system of the Sea of Marmara, the concentration of nutrients in the both layers fluctuates simultaneously with a decrease in oxygen concentrations and increases in the salinity, depending on the distance to the origin of the water masses such as low salinity/density of Black Sea water and high salinity/density Mediterranean water.
In the previous studies, the low salinity water that flows from the Black Sea were presented as the reason for a possible load of the additional nutrient amount to the Sea of Marmara via Bosphorus. This led to different and wrong interpretations.
However, the real reason of fluctuating distribution ranges of nutrients in different parts of the Sea of Marmara waters is the underlying cause of the unique hydrographical conditions of the Sea of Marmara.
As lower-salinity waters remain confined in the upper part of the water column, the higher nutrient concentrations are generally located in the surface layers. Pollutants follow a similar pattern. As in the case of the Sea of Marmara, discharges without any treatment to the below and dense water mass are affecting the whole water column of different degrees, regarding the density equivalency.
Also the 3 basins with more than 1000 m depth with the position each one of the other, located in a course under main and both direction water masses, acts as a sink for waterborne particles (Sediments, nutrients and pollutants), most of which remain trapped there.
This picture indicates that a considerable accumulation of trapped dangerous particles, must be taking place in the Sea of Marmara sediments.
As previously mentioned as biological view (3) it clearly appears as a result of the steady erosion of biodiversity of the Sea of Marmara, in last two decades.
